Rough-Smooth Variation in Blastomyces Dermatitidis Gilchrist and Stokes 1898  by DeLamater, Edward D.
ROUGH-SMOOTH VARIATION IN BLASTOMYCES DERMATITIDIS
GILCHRIST AND STOKES 1898
EDWARD D. DELAMATER,* M.D., PH.D.
INTRODUCTION
Henrici (1) in 1930 described various colony types which he observed in
different strains of Blastomyces dermatitidis grown at room temperature. He
also observed mutation or reversion of one colony type to another in old, in-
frequently transferred strains. The colony types which he described were as
follows: 1. In the "mealy" type, which he considered as most common on
primary isolation, the colonies are dry, wrinkled and friable and consist micro-
scopically of transitional forms between the yeastlike and the filamentous phases.
He also considered that subsequent subcultures nearly always begin as this
type. 2. The second or "prickly" type is characterized by the formation of
numerous minute spines or "prickly elevations" on the surface of the growth,
which with age becomes cottony or tufted at the tips. These structures he
likened to abortive coremia. 3. The third or "cottony" type is entirely filamen-
tous, with an abundance of loose-meshed aerial mycelia. This form he con-
sidered as most usual in old, repeatedly transferred strains.
In addition to the three colony types described he noted the occasional ap-
pearance of conical, smooth and glistening colonies which are entirely mycelial.
These usually occur in Petri dish cultures. Ricketts (2) considered that there are
three colony forms: yeastlike, oidial and "hypomycetoid." However, Stoher (3)
thought these to be stages in the biologic development of the same organism.
Spring (4) described tan to brown coloration of the aerial mycelium, as did Mi-
chelson (5) who also noted the lability of recently isolated strains and empha-
sized that the strain, age for the strain in cultural conditions, and type of me-
dium used were important in affecting the colonial morphology of the organism.
Hamburger (6) was the first to note the conversion in culture of Blastomyces
dermatitidis from the filamentous to the yeastlike phase and the reversibility of
this process, a phenomenon that has been amply emphasized by numerous au-
thors (7, 8). Montgomery (9), later confirmed by Henrici, Conant and others
first demonstrated the formation of conidia in the filamentous or mycelial
phase. DeLamater (8) has shown the uninucleate character of the majority of
these spores.
Recently DeLamater (8) by the use of newly developed methods (10) has
studied the nuclear cycle of this fungus. The observation most pertinent to
this paper is the demonstration of the multinucleate character of the cells in the
yeastlike phase.
In 1946 Levine and Ordal (11) presented a study of the factors which they
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considered of primary importance in influencing the morphology of Blastomyces.
Of these they considered temperature the most important and demonstrated a
temperature optimum for each phase of the fungus, 31° C. for the mycelial form
and 35° C. for the yeastlike form. They also showed that the tendency to form
aerial mycelia decreases as the hydrogen ion concentration and temperature
increase. These authors used only three strains of Blastomyces and made no
effort to obtain uninucleate lines or clones for their studies. They gave no
details of the effects of their conditions on the microscopic morphology. In as
yet uncompleted studies on the influence of temperature and other factors on the
microscopic and colonial morphology of fourteen strains of this fungus, (12) have
observed differences between strains at which conversion from what appears to
be the yeastlike phase to the mycelial occurs. I have also noted that adequate
moisture is as important to maintenance of the yeastlike form as temperature.
In extensive studies of the microscopic morphology of these same fourteen strains
under numerous sets of conditions also noted two morphologically distinctive
cell types occurring in the yeastlike phase, which when isolated produced colony
types in the yeastlike phase which were distinctive. It is the purpose of
this paper to describe this phenomenon.
MATERIALS
Fourteen strains of Blastomyces dermatitidis from as many sources have been
used in this study. The organisms were grown on dextrose nutrient agar with
pH controlled at 7.6; blood agar, pH 7.6; Czapek's agar, pH 7.0; modified
Sabouraud's agar, pH 5.5. The organism in the filamentous phase was grown
at 30° C.; in the yeastlike phase at 37° C. Cultures were grown both in Petri
dishes and in test tubes. Permanent stock cultures were maintained at icebox
temperatures.
METHODS
Inoculation procedures consisted of weighing out minute masses of yeastlike
cells in sterile, matched watch glasses and suspending these cells in accurately
measured amounts of saline solution to a constant and standardized dilution. A
constant inoculating dose of this standardized suspension was then invariably
used. In this manner comparisons could be readily made as to differences in
rate of growth, colony form and size and other characteristics. In addition an
evenly spread inoculation of the surface of the medium was obtained which per-
mitted ready observation and isolation of individual colonies when the fungus
was grown at 37° C. in the yeastlike phase.
Individual cells of the yeastlike phase were isolated with a sharpened and
flattened needle from the surface of Czapek's agar plates with the aid of a dis-
secting binocular microscope.
To date individual conidia isolated by this means have not been induced to
grow. It is hoped that with the aid of a micromanipulator sufficient numbers can
be easily isolated to further these studies.
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RESULTS
Six of the fourteen strains studied have been observed to produce the colonial
and cellular variants to be described. The most extensive studies have however
been made on one strain, no. 37, isolated in 1946 from a ease of cutaneous bias-
tomycosis observed at the Mayo Clinic.' The following description is based
mainly on this organism. Observations on the other five strains showing similar
activities both confirm and extend those made on strain no. 37.
Colony Types Produced by the Filamentous Phase at 300 C.—When grown at
30° C. under constant conditions of size of inoculum, type of medium, moisture
relations and PH, different strains show a wide range of filamentous colony forms.
All the types described by Henrici have been noted, as well as the pigmented
types described by Spring and by Michelson. The range of colony types, how-
ever, is probably broader than stated by previous authors and the gaps between
them are filled by intergrading types which make the colony types emphasized
by Henrici less evident than previously supposed.
Figures 1 through 6 are prints from colored photographs of colonies chosen
to emphasize the wide range to be observed. All strains were isolated from
proved cases of biastomycosis and were proved pathogenic to animals. Figure 1
represents the unusual conical, smooth, glistening type of colony noted by
Henrici. This form with further aging usually develops into Henrici's second or
prickly colony type. Figure 2 shows a thin, membranous form with but little
development of the aerial mycelium and it does not correspond to any of the
types already described by others. Figure 3 shows an intergrade between this
membranous colony shown in figure 2 and the full-blown cottony form to be
noted in figure 6. At one side of the colony will be noted a sector in which
there is apparent segregation of a somewhat more membranous form. Figure
4 shows the mealy type of Henrici, which is flat, folded hard and friable with a
reduced aerial growth. Such colonies are entirely filamentous. Figure 5 shows
a cottony type with less well-developed aerial growth than in the succeeding
type. The center of this colony was light brown. Figure 6 shows a full-blown
cottony type.
The microscopic morphology varies widely between these different colony
types, especially in the production of conidia. In the main it may be said that
the less the development of the aerial growth the fewer the conidia. Thus the
organism shown in figure 1 has no conidia; that shown in figure 6 has numerous
ones.
Figures 7 through 12 give further evidence of variation of type. Figure 12
shows a series of mycelial phase cultures of a single strain grown at 30° C.
derived from single-cell isolates from the yeastlike phase. It is readily apparent
that the range in colony morphology here may be as wide as that already shown
to occur between different strains from different sources. Cultures in the three
test tubes to the left were derived from single, round cells of the smooth colony
type to be described as occurring in the yeastlike phase; those in the three test
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FIG. 1. Blastomyces dermatitidis, strain no. 37. Petri dish culture. Dextrose-peptone
agar, pH 5.5 grown at 30°C. Conical glistening colony. Filamentous phase, twenty days
old.
FIG. 2. Blastomyces dermatitidis, strain no. 73. Petri dish culture. Dextrose-peptone
agar, p'1 5.5. Crown at 30°C. Flat, membranous colony with slight aerial mycelium.
Filamentous phase, twenty days old.
FIG. 3. Blastomyees dermatitidis, strain no. 100. Dextrose nutrient agar, pH 7.5.
Crown at 30°C. Intergrade type with hoth membranous and cottony characters. Note
sector. Filamentous phase, twenty days old.
FIG. 4. Blastomyces dermatitidis, strain no. 268. Dextrose nutrient agar, pH 7.5.
Crown at 30°C. Corresponds ronghly to Henrici's mealy type. Colony memhranous and
friable with aerial mycelinm, folded. Filamentous phase, twenty days old.
FIG. 5. Blastomyces dermatitidis, strain no.97. Dextrose-peptone agar, pH 5.5. Crown
at 30°C. Intergrade cottony colony with buff center. Filamentous phase, twenty days
old.
FIn. 6. Blastomyces dermatitidis, strain no. 98. Dextrose-peptone agar, pH 5.5. Grown
at 30°C. Cottony colony. Pure white filamentous phase, twenty days old.
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FIG. 7. Blastomyces dermatitidis, strain no.37. Dextrose nutrient agar, pH 7.5. Grown
at 37°C. Smooth, pasty colonies of yeastlike phase.
FIG. 8. Blastomyces dermatitidis, strain no.37. Dextrose nutrient agar, pH 7.5. Grown
at 37°C. Rough, folded colonies of yeastlike phase.
FIG. 9. Blastomyces dermatitidis, strain no. 37. Round budding cells derived from
smooth colonies of yeastlike phase shown in figure 7.
FIG. 10. Blastomyces dermatitidis, strain no. 37. Elongated "abortive hyphal cells"
derived from rough colonies of yeastlike phase shown in figure 8.
FIG. 11. Blastomyces dermatitidis, strain no. 97. Elongated "abortive hyphal cells"
stained by aldehyde-mordanted basic fuehsin method of DeLamater showing multinueleate
nature of cells (X3,400).
Fio. 12. Blastomyces dermatitidis, strain no. 37. Dextrose nutrient agar, pH 7.5.
Grown at 30°C. Range of variation of filamentous phase of strain from membranous type
to cottony type. Cultures in the three tubes to the left were derived from round budding
cells of smooth yeastlike colony. Cultures in the three tubes to the right were derived
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tubes to the right were derived from elongated or abortive hyphal cells of the
rough colony type of the yeastlike phase. Here also the occurrence of conidia
appears to he directly proportional to the amount of aerial mycelium which
develops. This is the same strain of Blastomyces shown in figure 1 (no. 37).
It should be emphasized that colony morphology in Blastomyces is extremely
labile.
Colony Types Produced by the Yeastlike Phase at 37° C.—It was first noted that,
on primary isolation of Blastomyces from human or animal tissues, the yeastlike
colonies were either rough and folded, or smooth and pasty. Not infrequently
these two types were distinct but mixed. It was further noted that with con-
tinued cultivation the colonies of all strains tended to become rough and folded.
With continued serial cultivation using the methods of inoculation described,
smooth or pasty colonies (fig. 7) were observed to appear sporadically in strains
which predominantly were of the folded or rough type (fig. 8).
On isolation individual colonies of both types each continued to produce
colonies of both types. In other words there was a continued segregation.
There was, however, a predominance of smooth colonies derived from single
smooth colonies, and a predominance of rough colonies derived from single
rough colonies.
Study of the cell types to be found in each colony type showed that round
yeastlike cells occurred almost exclusively in the smooth or pasty colonies (fig. 9).
There were, however, rare or occasional elongated cells, suggestive of an abortive
filamentous type of growth. On the contrary, in the rough and folded colonies
two conditions obtained. Either the cells were entirely elongated and of the
abortive hyphal type of growth (fig. 10) or the two cell types were mixed in
varying proportions. When the cell types were mixed in approximately equal
proportions or with the elongated cells in predominance, the colonies were in-
variably of the rough type.
An effort was made to isolate individual cells of each type. When round cells
were isolated, smooth colonies were invariably produced. With continued
cultivation and aging there was a tendency for the development of, and eventual
complete reversal to, the rough form over a period of weeks. When elongated
cells of rough colonies were isolated, rough colonies were produced in which there
continued to develop occasional smooth colonies containing round cells almost
exclusively or mixtures of both cell types. Isolation of completely nonreversible
colonies of either type was never obtained by continued selection of round cells
or elongated cells from colonies which appeared grossly to be predominantly pure
lines of each type.
This failure, it appears likely, may be related to the multinucleate condition
of the cells of the organism (fig. 11). Further study by means of the isolation
of uninucleate conidia will, however, he necessary for proof of this. The estab-
lishment, by Hansen (13) and by Pontecorvo (14) and his associates, of het-
erokaryosis as the basis for such variations in organisms other than Blastomyces
suggests a biologic mechanism which may be operating in such a case as this. In
short, it may be necessary to reduce the analysis of the problem to a considera-
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tion of the ebb or ascension, or both, of nuclei of different genic complex within a
single cell in order to approach a solution.
Fio. 13. Blastomyces dermatitidis. Large "giant cell" showing many nuclei in tele-
phase. (X2,550).
FIG. 14. Blastomyces dermatitidis. Irregular giant cells occurring in yeastlike phase.
FIG. 15. Blastomyces dermatitidis. Round cells of yeastlike phase showiog rupture of
outer wall with protrusion of young bud.
FIG. 16. Blastomyces dermatitidis. Moniliform chaios of cells occasionally occurring
in yeastlike phase.
Incidental Observations (figs. 13 through 16).—The walls of the cells of BIas-
tomyces in the yeastlike phase have been thought of as doubly refractile because
of refraction from both the inner and the outer surfaces. That they are in fact
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outer wall at the point where a bud has caused its rupture. In very old cultures
and in material from long-standing chronic cases of blastomycosis fungus cells
have been observed not infrequently about which there is a piling up of old and
exfoliating cell walls to a considerable thickness.2
What have been described for our own convenience as "giant cells" have
been observed both in infected tissues and in cultures of the yeastlike phase
(figs. 13 and 14). These may he round (fig. 13) or irregularly shaped and dis-
torted (fig. 14). They may coDtain numerous nuclei (fig. 13). Such giant cells
occur in many strains.
A third incidental observation made during the course of these studies was
the finding, in several strains grown in the yeastlike phase, of odd moniliform
chains or groups of cells (fig. 16), the significance of which is as uncertain as
that of the formation of "giant cells."
COMMENT AND CONCLUSIONS
Observation of a phenomenon that appears to parallel rough-smooth variation
in bacteria has been made on the yeastlike phase of Blastomyces dermatitidis in
six of fourteen strains studied. It is suggested that this phenomenon may be
related to the multinucleate state of the organism. It is unstable and reversible
in both directions. Uninucleate lines have not yet been obtained.
A consideration and presentation of the variation to be encountered in the
filamentous phase of the same organism is also made, and it is also shown that
the variation met in both phases of the fungus is probably related and inter-
dependent.
Such knowledge of variation is valuable in diagnostic mycology, as it is neces-
sary to an easy and rapid recognition of the organism.
To date no relationship between virulence of the organism and colonial and
cellular morphology has been established.
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Discussion by Dn. FRED D. WEIDMAN: This presentation might appear to
be academic, but it serves as an excellent illustration of the potentialities of what
some physicians are pleased to call "useless research". Here, Dr. DeLamater
has busied himself in a laboratory with cultures toward the separation of these
two different forms of a particular fungous species. From this, there is at once
an applied significance. Thus there is widespread dissatisfaction with relative
nonspecificity of fungous antigens for diagnostic and therapeutic purposes.
And attempts are being made toward the development of antigenic substances
that are more and yet more specific. It is obvious that when antigens are made
from the hyphae one is working with substances that are artificial in the case, so
to speak, or at least apart from the kind of fungous cell that is stimulating the
formation of antibodies in the human body. If one hopes to obtain a specific
substance he should culture antigens which parallel as closely as possible those
which are producing the human disturbances. It therefore makes more sense
to attempt to secure the more highly specific yeastlike phase rather than the
hyphal one in the test-tube culture.
Dr. Margaret Maynard made such attempts with Sporotrichum but was
unsuccessful, even when using blood agar at incubator temperature. She
could not secure any colonies that were purely of the budding, tissue type;
there was always an intermixture of hyphal substance. I hope that Dr. DeLama-
ter will repeat this work in respect to Sporotrichum schenckii. This same idea
mig be carried into the field of the dermatophytes. Here too, the morphology
of the fungus is different in tissue and culture, but not as radically as in the case of
these deeply invasive pathogens. The problem would be more difficult, but if
it were overcome, it would promise a tool for diagnosis and perhaps treatment of
dermatophytosis and other superficial fungous infections.
Closing discussion by Dn. EDWARD D. DELAMATER: I wish to thank Dr.
Weidman for his very kind remarks and for his extension of some of the ideas I
had in mind. There are certain practical aspects which should be emphasized:
first, recognition of the organism as we get it in culture is most important. It
may be in the rough or smooth form in the yeastlike phase, downy or mem-
branous in the filamentous phase. We have found that as it is maintained in
culture in the yeastlike phase, it tends to become progressively more rough,
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as a rule, and the cells tend to become more elongated. Since in the filamentous
phase grown at 300 C., we also have a wide range of variation, it will be seen that
it is necessary to know something about what that range of variation is for
practical purposes of recognition. Also, it is usually necessary for diagnostic
purposes to run organisms through animals, preferably mice, to obtain evidence
of the pathogenicity. Pathogenicity as an entity also has a characteristically
wide range of variation between different strains.
Theoretically, two points should be emphasized. Using only single budding
cells for purposes of isolation, we have been unable to get a clone which we could
maintain in smooth form for more than three months. It tends to revert to the
rough form, probably due to the ascendency of a particular type of nucleus that
produces the elongated type. It should be pointed out that Dr. Salvin, of the
Public Health Service, has shown that certain chemicals tend to influence an
organism toward the round cell, smooth type.
Dr. Fisher's study, presented here a few moments ago, demonstrates new
methods which are also applicable to studies of the differences between organ-
isms.
If there are differences between genetically pure forms which produce antigens
of different concentration or specificity, then we must know about it. The
approach to such problems must begin at this level. This study is admittedly
only a beginning and is presented as such.
